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1 Introduction


During RAN1#90, the following agreements on Bandwidth Part operation were made:

	Agreements:
· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established

· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band

· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda

· Support activation/deactivation of DL and UL bandwidth part by explicit indication at least in (FFS: scheduling) DCI

· FFS: In addition, MAC CE based approach is supported

· Support activation/deactivation of DL bandwidth part by means of timer for a UE to switch its active DL bandwidth part to a default DL bandwidth part

· The default DL bandwidth part can be the initial active DL bandwidth part defined above 

· FFS: The default DL bandwidth part can be reconfigured by the network

· FFS: detailed mechanism of timer-based solution (e.g. introducing a new timer or reusing DRX timer)

· FFS: other conditions to switch to default DL bandwidth part




Per the third main bullet of the above agreement, switching of an active DL bandwidth part to a default DL bandwidth part by means of a timer is supported. This contribution proposes to reuse timer from DRX for this purpose and includes a text proposal for potential inclusion in 38.321.

2 Discussion

The agreement taken in RAN1#90 supports operation using a narrower (default) bandwidth when there is no traffic activity and the UE only needs to monitor PDCCH. Such bandwidth adaptation feature significantly reduces power consumption in NR since carrier bandwidth much larger than 20 MHz will be supported, as explained in [1]. 
One aspect identified for further study is the detailed mechanism of such timer-based solution, for example whether a new timer needs to be introduced or a DRX timer can be reused. We believe that this should be discussed and decided by RAN2, since this will be specified in MAC. Furthermore, DRX employs multiple timers and it should be considered whether the switch to a default DL bandwidth part can be allowed independently of whether such timers are running or not.
DRX in LTE (and NR) employs several timers to determine when the UE monitors PDCCH, i.e. the Active Time. The UE is in Active Time if either the onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL or mac-ContentionResolutionTimer is running. The UE is also in Active Time when certain conditions are met, under which imminent reception of PDCCH is expected (e.g. pending scheduling request, data in UL HARQ buffer, etc.). 
If the UE is operating on a non-default DL bandwidth part at a given time, it should not switch to the default DL bandwidth part if retransmissions are expected in the DL in the short term. Otherwise, retransmissions could fail if resources on the default DL bandwidth part are insufficient. For this reason, timer-based switching to a default DL bandwidth part should not occur while drx-HARQ-RTT-TimerDL or drx-RetransmissionTimer is running for any DL HARQ process. Retransmissions can also be expected for the UL in the short term if drx-HARQ-RTT-TimerUL or drx-RetransmissionTimerUL is running for a UL HARQ process. Since UL activity is often followed by DL activity, it seems preferable that no timer-based switching occurs while one of these timers is running as well.

Proposal 1: Change to a default DL bandwidth part does not occur if drx-HARQ-RTT-TimerDL or drx-RetransmissionTimerDL is running for any DL HARQ process.
Proposal 2: Change to a default DL bandwidth part does not occur if drx-HARQ-RTT-TimerUL or drx-RetransmissionTimerUL is running for any UL HARQ process.
DRX employs drx-InactivityTimer to ensure that the UE remains in Active Time for a period following a new DL or UL transmission. For same reasons as above, switching to a default DL bandwidth part during that period appears highly undesirable.
Proposal 3:  Change to a default DL bandwidth part does not occur if drx-InactivityTimer is running.

After all the timers mentioned in the above proposals have expired, the UE is in Active Time every DRX cycle while the onDurationTimer is running. One question is whether in this situation it could be beneficial that the UE does not immediately switch to the default DL bandwidth part. This could be realized by introducing a new timer to specifically control when the switch can occur. However, doing so would reduce power saving without significant latency gain, since the network can typically change to a non-default DL bandwidth part in less than 1 ms at least for single-carrier operation [2]. Therefore, given the limited potential gain it is preferred to not add complexity by introducing a new timer specifically for the purpose of switching to the default DL bandwidth part. It seems sufficient that the change occurs when only the onDurationTimer is running.
Proposal 4: No additional timer is introduced for timer-based switching to a default DL bandwidth part.
Proposals 1 to 4, if agreed, can be synthesized in the following proposal that is used as a basis for a text proposal based on TS 38.321 v 0.3.0 [3] and included in the next section.
Proposal 5: The active bandwidth part is set to the default DL bandwidth part when drx-InactivityTimer has expired and drx-RetransmissionTimerDL, drx-HARQ-RTT-TimerDL, drx-ULRetransmissionTimer and drx-HARQ-RTT-TimerUL have expired for all HARQ processes.
Proposal 6:

Capture the attached TP part of the NR MAC TS.
3 Text Proposal
[Unchanged text is not included]
5.7  Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring. When in RRC_CONNECTED, if DRX is configured, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity shall monitor the PDCCH continuously. When using DRX operation, the MAC entity shall monitor PDCCH according to requirements found in this specification.

RRC controls DRX operation by configuring the following timers:

-
drx-onDurationTimer: the number of consecutive NR-UNIT(s) at the beginning of a DRX Cycle. Unit in milliseconds;

-
drx-InactivityTimer: the number of consecutive NR-UNIT(s) after the NR-UNIT in which a PDCCH indicates an initial UL or DL user data transmission for the MAC entity. Unit in milliseconds;

-
drx-RetransmissionTimerDL (per DL HARQ process): the maximum number of consecutive NR-UNIT(s) until a DL retransmission is received;

-
drx-RetransmissionTimerUL (per UL HARQ process): the maximum number of consecutive NR-UNIT(s) until a grant for UL retransmission is received;
-
drx-LongCycle: the Long DRX cycle. Unit in milliseconds;

-
drx-ShortCycle (optional): the Short DRX cycle. Unit in milliseconds;

-
drx-ShortCycleTimer (optional): the number of consecutive NR-UNIT(s) the UE shall follow the Short DRX cycle;

-
drx-HARQ-RTT-TimerDL (per DL HARQ process): the minimum amount of NR-UNIT(s) before a DL assignment for HARQ retransmission is expected by the MAC entity;

-
drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum amount of NR-UNIT(s) before a UL HARQ retransmission grant is expected by the MAC entity.

Editor's note: The 'minimum' above may need to be changed if e.g. RAN2 decides to use it from DCI.
Editor's note: The name of RRC parameters are tentatively used to capture the agreement, but can be changed later.
Editor's note: Editor thinks milliseconds should be replaced to e.g. subframe, but RAN2 confirmation requires.

When a DRX cycle is configured, the Active Time includes the time while: 

-
drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the preamble not selected by the MAC entity (as described in subclause 5.1.4).

Editor's note: Editor thinks the definition for the Active Time in LTE can be re-used, but RAN2 confirmation requires.
When DRX is configured, the MAC entity shall for each NR-UNIT:

Editor's note: From the discussion, it is unclear whether to introduce (DL/UL) HARQ RTT Timer for NR, and further discussion is required.
1>
if a drx-HARQ-RTT-TimerDL expires:

2>
if the data of the corresponding HARQ process was not successfully decoded:

3>
start the drx-RetransmissionTimerDL for the corresponding HARQ process.

1>
if an drx-HARQ-RTT-TimerUL expires:

2>
start the drx-RetransmissionTimerUL for the corresponding HARQ process.

1>
if a DRX Command MAC CE or a Long DRX Command MAC CE is received:

2>
stop drx-onDurationTimer;

2>
stop drx-InactivityTimer.

1>
if drx-InactivityTimer expires or a DRX Command MAC CE is received:

2>
if the Short DRX cycle is configured:

3>
start or restart drx-ShortCycle;

3>
use the Short DRX Cycle.

2>
else:

3>
use the Long DRX cycle.

1>
if drx-ShortCycle expires:

2>
use the Long DRX cycle.

1>
if a Long DRX Command MAC CE is received:

2>
stop drx-ShortCycleTimer;

2>
use the Long DRX cycle.

1>
if the Short DRX Cycle is used, and


// an equestion to calculate the Short DRX cycle starting point; or

1>
if the Long DRX Cycle is used, and


// an equestion to calculate the Long DRX cycle starting point:

Editor's note: equations to calculate the starting point of On Duration to be added later (after having NR SFN definition).
2>
start drx-onDurationTimer.

1>
if this NR-UNIT is part of  the Active Time:

Editor's note: Half-duplex and measurement gap conditions are not included, and may need to be added later.
2>
monitor the PDCCH;

2>
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this NR-UNIT:
3>
start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process;

3>
stop the drx-RetransmissionTimerDL for the corresponding HARQ process;

2>
if the PDCCH indicates a UL transmission or if a UL grant has been configured for this NR-UNIT:

3>
start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process;

3>
stop the drx-RetransmissionTimerUL for the corresponding HARQ process;

2>
if the PDCCH indicates a new transmission (DL or UL):

3>
start or restart drx-InactivityTimer.
2> if drx-InactivityTimer has expired; and

2> if drx-RetransmissionTimerDL and drx-RetransmissionTimerUL has expired for all HARQ processes; and

2> if drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL has expired for all HARQ processes:


3> instruct the physical layer to use the default bandwidth part as the active bandwidth part.
1>
else (i.e. not part of the Active Time):

2>
not report CQI/PMI/RI/PTI on PUCCH.

Editor's note: the text 'not report CQI/PMI/RI/PTI on PUCCH' can be revisited if RAN2 receives some inputs from RAN1 (including CQI mask). Also, whether to transmit SRS and HARQ feedbacks is unclear, and not captured at the moment.
4 Conclusion

In this contribution, the following proposals were made, and a text proposal for 38.321 was provided.
Proposal 1: Change to a default DL bandwidth part does not occur if drx-HARQ-RTT-TimerDL or drx-RetransmissionTimerDL is running for any DL HARQ process.
Proposal 2: Change to a default DL bandwidth part does not occur if drx-HARQ-RTT-TimerUL or drx-RetransmissionTimerUL is running for any UL HARQ process.
Proposal 3:  Change to a default DL bandwidth part does not occur if drx-InactivityTimer is running.

Proposal 4: No additional timer is introduced for timer-based switching to a default DL bandwidth part.
Proposal 5: The active bandwidth part is set to the default DL bandwidth part when drx-InactivityTimer has expired and drx-RetransmissionTimerDL, drx-HARQ-RTT-TimerDL, drx-ULRetransmissionTimer and drx-HARQ-RTT-TimerUL have expired for all HARQ processes.
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